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Abstract 
Head and neck squamous cell carcinoma (HNSCC), the sixth most common tumor 
worldwide, accounts for more than 550,000 new cases and 380,000 deaths per year. Patients 
diagnosed with locally advanced disease often require multimodal treatment approaches. 
Chemoradiation, with high cisplatin dose, remains the standard of care for this category of 
patients. Molecular target therapies have been introduced, such as the combination of the 
Epidermal Growth Factor Receptor (EGFR) monoclonal antibody (cetuximab) with cisplatin 
and 5-fluorouracil for the treatment of recurrent or metastatic HNSCC. EGFR is one of the 
most studied molecular target, since it is overexpressed in about 90% of HNSCC and 
Neuropilin-1 (Nrp-1), that is a co-receptor of EGFR, represents an interesting candidate to 
investigate in HNSCC. 
Nrp-1 has been first discovered as regulator of the nervous system development, 
acting together with Plexins as co-receptor for Semaphorins (SEMAs); then, Nrp-1 has been 
identified as receptor for several Vascular Endothelial Growth Factors (VEGFs). Recent 
findings determined that Nrp-1 is able to enhance the signaling activated by the ligands and 
tyrosine kinase receptors (RTKs) interaction. In particular, upon ligand stimulation, Nrp-1 
can elicit EGFR clustering, endocytosis and signaling. Consequently, Nrp-1 results involved 
in multiple oncogenic processes, such as cellular proliferation, survival, invasion and 
migration. Few evidences reported a Nrp-1 contribution in response to cancer therapy, even 
if its role in chemotherapy still is in need of further investigation. 
In this study, we aim to address three main issues: 1) to investigate in a study 
population of human head and neck cancers (N=217), the Nrp-1 expression and its 
correlation with the clinicopathological features of patients, by statistical analysis; 2) to 
explore, in vitro, in stable Nrp-1 silenced head and neck cancer cells, the Nrp-1 contribution 
to cisplatin sensitivity; 3) to analyse the Nrp-1 role in sustaining the cisplatin-induced EGFR 
activation. 
In the HNSCC cohort of surgical samples, organized in tissue microarrays, we 
investigated the Nrp-1 expression by IHC analysis, showing the Nrp-1 overexpression in 
malignant tissues compared to the normal counterpart. Performing survival and multivariate 
analysis, Nrp-1 expression resulted an independent prognostic factor for HNSCC patients.  
By transduction with lentiviral vectors, we obtained the Nrp-1 depleted HNSCC cellular 
models. Interestingly, we observed the increase of cellular sensitivity to cisplatin treatment 
in the Nrp-1 silenced cells, compared to control cells, transduced with the empty lentiviral 
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vector. Finally, we showed that Nrp-1 is able to sustain the cisplatin induced EGFR 
activation together with the tyrosine-protein kinase Src, a mechanism proposed to serve as a 
cell-survival response to cytotoxic stress.  
In conclusion, these results propose Nrp-1 as a novel prognostic marker for HNSCC. 
Furthermore, we provide preliminary evidences of Nrp-1 contribution to cisplatin sensitivity. 
Additionally, we showed, for the first time, the Nrp-1 ability to enhance the cisplatin induced 
EGFR activation, expanding the repertoire of signalling processes involving Nrp-1 and 
suggesting the need of further investigations on Nrp-1 as a suitable target for HNSCC 
therapies. 
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1. Introduction 
1.1 Head and neck cancer 
1.1.1 Epidemiology  
Head and neck cancer is the sixth most common malignancy in the world and the 95% of 
these cancers are squamous cell carcinomas (1). HNSCC arise from the mucosal epithelium 
of the upper airway and food passages (oral cavity, oropharynx, larynx and hypopharynx) 
(Figure 1). The approximate distribution of head and neck cancer by anatomic sites is of 25 
% for pharynx, 31 % for larynx and 44 % for oral cavity (Figure 2).  Oral cavity includes the 
lips, alveolar ridge, floor of mouth, oral tongue, hard palate, retromolar trigone and buccal 
mucosa. Cancer of the oral cavity and lip usually occurs in males after the fifth decade of 
life (2) (3). The mean age is in the fifth and early sixth decades in Asiatic populations, 
compared to the seventh and eighth decades in North American populations (4). On the other 
hand, oropharyngeal cancers occur at ages under the fourth decade of life (4) (5). This trend 
appears to continue in the next years, due to the increase of high-risk HPV infections, which 
now cause approximately the 70% of all oropharyngeal cancers in the USA (6) (7). 
 
 
Figure 1. Schematic representation of head and neck anatomic sites. 
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Figure 2. Schematic representation of head and neck anatomic sites distribution in tumors. 
The Cancer Genome Atlas Research Network, 2015. 
 
The yearly worldwide incidence is of approximately 640,000 new cases for male and of 
207,000 new cases for female (8). Estimated age-standardised incidence/mortality rates for 
oral cavity and lip cancers (7.0/2.3 and 2.6/0.6 per 100,000 per annum, among males and 
females, respectively) are higher in more developed regions compared to those in less 
developed regions (5.0/2.8 and 2.5/1.4 per 100,000 per annum). Likewise, the estimated rates 
for cancers of oropharynx and tonsils among males (7.5/2.5 per 100,000 per annum) and 
females (2.7/0.5 per 100,000 per annum) resulted the highest in Western Europe. Despite 
great advances in surgery, radiotherapy, chemotherapy and recently immunotherapy, the 5-
year survival rate for HNSCC is still poor, with 40–50% mortality (9). According to 
‘Globocan’ the estimated number of deaths reported was 97,919 among males and 47,409 
among females and about the 66% of cancer mortality are reported in Asia, followed by 
Europe (18.4%), Africa (6.1%), Latin America and the Caribbean (5.1%) (Figure 3) (8) . 
 
Figure 3. Head and neck cancer mortality. Age-standardized ratios. http://globocan.iarc.fr 
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1.1.2 Risk factors 
The risk factors for HNSCC are tobacco consumption (smoked and ‘smokeless’), the 
chewing of areca nut and heavy use of alcoholic beverage. Currently, sustained infection 
with ‘high-risk’ genotypes of the human papillomaviruses (HPVs) (particularly HPV-16 and 
HPV-18) causes a substantial and rising percentage of these tumours, mainly originating in 
the tonsils, base of the tongue and elsewhere in oropharynx and occurring particularly in the 
Western world (10). It is now well accepted that oropharyngeal squamous cell carcinomas 
(OPSCCs) can be divided into HPV-negative (HPV–) and HPV-positive (HPV+) disease 
(11), with different prognostic outcome between the two subgroups (12). While HPV− 
cancers are believed to arise through a field cancerization process and a clonal progression 
in a setting of continuous carcinogen exposure, the HPV+ tumors harbor few mutations and 
are driven by a fundamentally distinct pathophysiologic mechanisms, which rely on E6 and 
E7 viral proteins to inactivate or bypass cellular tumor suppressive responses. Although 
recent vaccines against HPVs will influence the prevalence of HPV+ HNSCC in the decades 
to follow, for now, the incidence of HPV+ HNSCC continues to rise. Current estimates 
suggest that 45-90% of OPSCC are HPV+ with 90% associated with HPV genotype 16. 
HPV+ and HPV- tumours represent different clinicopathological and molecular entities with 
widely disparate survival rates. 
 
1.1.3 Staging 
The prognosis for patients with HNSCC and the treatment choice is largely determined by 
the stage of tumor at presentation. Tumors are staged according to tumor-node-metastasis 
(TNM) classification system, which takes in account the size of primary tumor (T), the 
nearby lymph nodes involvement (N) and the presence of distant metastasis (M). According 
to the last edition of the American Joint Committee on Cancer (AJCC) and Union for 
International Cancer Control (UICC), a new TNM classification became effective on 1 
January 2018. This new version accounts for the importance the tumour depth of invasion in 
oral cavity tumors and has a different staging system for p16INK4A-positive tumours of the 
oropharynx, where p16INK4A positivity is used as a surrogate marker for human 
papillomavirus (HPV) status, which results in a lower stage for these tumours than that 
assigned by the previous edition (13) (Figure 4). 
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Figure 4. TNM Classification system (Seventh and Eighth editions) in HNSCC. Leemans 
et al., 2018. 
In general, early stage (I or II) HNSCC is treated with local therapy, taking advantage of the 
ability of surgical removal and/or radiation. Advanced disease (stage III or IV) requires 
multimodality treatment with surgery, radiation, and/or chemotherapy.  
 
1.1.4 Clinical presentation 
It is possible to identify precancerous lesions in the mucosal linings that can look white 
(leukoplakia) or red (erythroplakia) areas of the mucosa. These lesions may progress and 
develop into invasive cancers (14). Leukoplakia is the most common precursor lesion of 
OPSCC (15). Risk factors for progression are female gender, size of lesion and the presence 
and grade of dysplasia (16).The clinical management is to treat the lesion, when possible, 
and analyse the histology of biopsy sample to understand the presence of dysplasia and the 
grading (mild, moderate or severe), which associates with cancer risk (16) (17). Besides 
these macroscopically recognizable lesions, many HNSCC can appear as de novo tumours, 
clinically not visible, identifiable only under the microscope as dysplastic mucosal 
epithelium. These morphological abnormalities already led in 1953 to the concept of ‘field 
cancerization’, both to describe these large dysplastic changes, but also to explain the high 
frequency of tumour recurrence after HNSCC excision and the high risk of multiple 
independent tumours developing in the mucosal linings (18). Slaughter et al. studied these 
precancerous changes with genetic markers, showing that the number of genetic alterations 
correlates with the severity of the dysplastic changes. In particular, the loss of heterozygosity 
at chromosomes 3p, 9p and 17p seemed to occur in dysplasia, apparently reflecting early 
carcinogenesis, whereas other alterations at chromosomes 11q, 4q and of chromosome 8 
were typically present in carcinomas. Using these genetic markers combined with TP53 
mutations, it was shown that in at least 35% of the oral and oropharyngeal tumours analysed, 
the carcinoma was surrounded by mucosal epithelium that contains genetic changes (19). In 
retrospective studies, it was shown that these unresected fields are an important source of 
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the local recurrences and the second primary tumours that are so often seen in patients with 
HNSCC (20) (21) (22). Comparison of the genetic profiles of carcinomas and their 
surrounding fields often indicates a clonal relationship (23) and this idea represented the 
basis of the hypothesis that such a field of contiguous preneoplastic cells precedes the 
development of an invasive carcinoma (24). Most recent studies have identified genetic 
changes at chromosome arms 3p and 9p, together with mutations in TP53 (residing at 17p) 
as the best predictors of malignant transformation in both leukoplakia (25) and surgical 
margins (26). 
 
1.1.5 Therapeutic approaches 
Treatment choice for HNSCC is based on the anatomic site of the tumor and TNM staging. 
Early stage (I or II) HNSCC is treated with surgery and/or radiation therapy. Advanced 
disease (stage III or IV) requires a multimodality treatment with surgery, radiation, and/or 
chemotherapy (27). Surgery remains the mainstay of early stage HNSCC. Small lesions are 
easily accessed transorally, while large tumors may require mandibulotomy, a more invasive 
approach. Due to the anatomic complexity of the oral cavity and the crucial role that it plays 
in taste, swallowing, speech and breathing, reconstructive decisions must take into 
consideration and are associated with functional and cosmetic outcomes. Advanced stage 
cancers are treated with combination therapy, usually surgical resection followed by 
adjuvant radiation with or without chemotherapy. Evidences, supporting the use of 
postoperative adjuvant chemotherapy with cisplatin versus radiation alone for HNSCC, 
came from two randomized trials published in 2004. Independently, studies designed by the 
European Organization for Research and Treatment of Cancer (EORTC 22931) and the 
Radiation Therapy Oncology Group (RTOG 95‐01) demonstrated improved locoregional 
control and disease‐free survival among HNSCC patients, who received postoperative 
chemoradiation therapy, rather than radiation alone (28) (29). More recently, a study looking 
specifically at oral cavity squamous cell carcinoma (OCSCC) showed that the addition of 
chemotherapy to radiation, after surgery, in advanced stage tumors led to a significant 
increase in 2‐ and 5‐year overall survival compared to adjuvant radiation alone (30). 
Currently, chemoradiotherapy for patients with oral cavity cancer is limited to those with 
non‐resectable tumors or comorbidities precluding surgery. Since the publication of a phase 
III clinical trial by Vermorken et al. in 2008, the combination of cetuximab, cis- or 
carboplatin and 5-fluorouracil has been the standard of care for patients with recurrent or 
metastatic HNSCC (31). More recently, the PD-1 (Programmed cell death protein 1) 
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antibody nivolumab and pembrolizumab have been approved for the treatment of patients 
with platinum-resistant disease (32). Notwithstanding improvement of radiation and surgical 
techniques and the addition of chemotherapy and monoclonal antibodies in advanced disease 
more than half of all patients experience relapse of disease, not suitable for treatment options 
with curative intention (33). 
 
1.2 Cisplatin 
1.2.1 Structure and mechanism of action 
Cisplatin (cis-Diamine dichloroplatinum (II)) or cis-DPP (CDDP) is the most widely used 
cytotoxic drug for HNSCC. CDDP is a neutral, square planar molecule of platinum (II) 
bound to two chloride and two ammonia groups, where the chloride molecules are in the cis-
geometry (34) (Figure 5). Cisplatin drug is able to diffuse into tissues and to bind primarily 
to plasma proteins. Due to the strong reactivity of platinum against sulphur and thiol groups 
of amino acids such as cysteine, nearly 90% of platinum in the blood is bound to albumin 
and other proteins leading to the inactivation of the majority of cisplatin. 
 
Figure 5. Structure of cisplatin. 
The loss of chloride groups is required for the binding to genomic DNA (gDNA). 
Interestingly only 10% of the covalently bound cell-associated cisplatin is found in the 
gDNA and about 75-85% of the drug binds to proteins, RNA, thiol-containing peptides, and 
other cellular components rich in nucleophilic sites such as cytoskeletal microfilaments (35). 
The formation of the crosslinks inhibits DNA replication and transcription, by stalling the 
replication machinery at the site of the crosslink that can bend the double helix towards the 
major groove or even unwind it (36). Recognition of the damage, failure to unhook the 
crosslink, replication machinery stall, indirect further damage produced by the crosslinks 
and activation of other signalling pathways contribute towards cisplatin cytotoxicity (37) 
(38) (39). Then, cytotoxicity produced by CDDP has been shown to be a consequence of 
DNA damage caused by the formation of CDDP-DNA adducts. A major limitation in the 
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clinical use of CDDP is the acquisition of resistance of the initially responsive tumors (38). 
Resistance to CDDP treatment may be due to several mechanisms, including altered cellular 
drug transport, enhanced intracellular detoxification, increased DNA repair, adduct tolerance 
and modulation of apoptosis (38). CDDP activates nuclear as well as cytoplasmatic signaling 
pathways involved in regulation of the cell cycle, damage repair and programmed cell death. 
Understanding the cellular responses to CDDP is critical for determining mechanisms of 
drug resistance and for the development of therapeutic approaches for increasing the 
effectiveness of CDDP or other anticancer drugs that act by similar mechanisms. In 
particular, it has been reported that CDDP activates a membrane-integrated protein, the 
epidermal growth factor receptor (EGFR) (40). There are at least three potential mechanisms 
by which EGFR might interact with chemotherapy: through the cell cycle, through EGFR 
signalling or through DNA repair. 
 
1.2.2 EGFR pathway activation upon CDDP treatment 
EGF receptor is a 170 kDa transmembrane glycoprotein tyrosine kinase receptor, resulted 
overexpressed in about 90% of HNSCC. EGFR is composed by an extracellular ligand-
binding domain (621 amino acids) and an intracellular protein tyrosine kinase domain (542 
amino acids) connected by a small transmembrane-anchoring region (23 amino acids) (41). 
Within the broad family of receptor tyrosine kinases, EGFR belongs to the type I subfamily 
(or ERBB tyrosine kinase receptors) that also includes ERBB2 (also known as HER2 and 
NEU), ERBB3 (also known as HER3) and ERBB4 (also known as HER4). The binding of 
a ligand, such as EGF, transforming growth factor-α (TGFα) or amphiregulin causes the 
EGFR to dimerize with itself or with another member of the ErbB family of receptors, 
leading to receptor-linked tyrosine kinase activation and the activation of downstream 
signalling cascades that are crucial for normal cell growth and proliferation. Because 
aberrant EGFR activation has been associated with uncontrolled cell proliferation, EGFR is 
an attractive and logical target for cancer therapy. EGFR phosphorylation occurs in response 
to various cytotoxic drugs, including gemcitabine (42), cisplatin (40), oxaliplatin (43), 5-
fluorouracil (43), paclitaxel (44), doxorubicin (45) and irinotecan (46). The phosphorylation 
of EGFR by oxaliplatin or 5-fluorouracil treatment alone correlates with the synergistic 
inhibition of cell viability and cell growth by gefitinib (43). The blockade of EGFR 
activation in response to paclitaxel by gefitinib promotes apoptosis and suppresses tumour 
growth (44). At the same time, one must consider the context in which EGFR 
phosphorylation occurs. It has long been known that EGFR phosphorylation occurs after 
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exposure to normal ligands such as EGF, which leads to cell growth and, ultimately, to 
physiological receptor degradation after proliferation is completed (47). The mechanism by 
which this chemotherapy-induced EGFR phosphorylation occurs is unknown. It has been 
proposed that EGFR signalling might serve as a cell-survival response in cells exposed to 
cytotoxic stress (48). The activation of EGFR in response to cisplatin occurs in an Src-
dependent manner (40). The inhibition of EGFR activation (directly or by Src inhibition) 
increases cisplatin induced cell death, indicating that EGFR activation by cisplatin is a 
survival response. EGFR phosphorylation results in the activation of signalling cascades that 
activate Akt, which is a known anti-apoptotic kinase, probably indicating an EGFR-mediated 
survival mechanism. By blocking this survival signal, EGFR inhibitors could increase the 
effectiveness of chemotherapy and result in synergistic cytotoxicity. 
 
Figure 6. The effect of radiation and chemotherapy on EGFR signaling. Nyati et al., 2006. 
 
1.3 Neuropilins (Nrps) 
1.3.1 Structure  
Neuropilins (Nrps) are 130-140 kDa single‐pass transmembrane proteins involved in 
development, cancer and immunity. Nrps have been originally described as high-affinity 
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receptors for axon guidance molecules, such as class 3 semaphorins (SEMA3s) and 
subsequently as coreceptors for several members of the vascular endothelial growth factor 
(VEGF) family. Moreover, growing evidences have showed the role of Nrps in interaction 
with other transmembrane receptors molecules, enhancing the response to several growth 
factors (EGF, FGFs, HGF, PDFG, TGFs) and other mediators (integrins). Although the 
importance of Nrps in axonal guidance and angiogenesis is established, their role in cancer 
needs investigations. Nrp-1 was the first member of the Nrps family to be described in 1987 
and Nrp-2 was isolated later by Chen et al. in 1997, by RT-PCR and gene transfer (49) (50). 
In humans, NRP-1 and NRP2 genes map to two different chromosomes, chromosomes 
10p12 and 2q34, respectively (51). Although Nrps share only 44% homology in their amino 
acid sequences, some similarities can be observed in their structure. Nrps are composed by 
an extracellular domain, a transmembrane domain and a short intracellular domain (Figure 
5). The extracellular region contains two complement-like binding domains (a1 and a2 
domains), two coagulation factor V/VIII homology-like domains (b1 and b2 domains) and a 
meprin-like domain (c domain) (52). The single transmembrane portion is followed by a 
short cytoplasmic tail, terminating with a consensus sequence, able to interact with PDZ 
(PSD-95/Dlg/ZO-1 homology) domain proteins. Extracellular “a” and “b” domains are 
implicated in ligand binding, in particular SEMA3s bind to the a1/a2/b1 segment and VEGFs 
binds to b1/b2. “c” domain mediates Neuropilin homo- and heterodimerization, which seems 
to be essential for function. 
 
Figure 7. Schematic representation of Nrps structure. Kumanogoh et al. 2013. 
 
There are contradictory data on the signaling competence of the small conserved cytoplasmic 
tail of neuropilins. According to many reports, Nrps essentially provide a ligand-binding 
platform, while intracellular signalling is mediated by associated plexins or VEGF receptors 
(VEGFR). Other findings, however, suggest an independent signaling function of the 
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intracellular domain of neuropilins. For instance, a cytosolic Nrp-1-interacting scaffold 
protein, GIPC (also known as synectin), was involved in Nrp-1-dependent function in 
angiogenesis. Thus, by interacting with GIPC and potentially additional PDZ domain-
containing proteins, Nrps could regulate receptor complexes in the plasma membrane. 
Notably, the cytoplasmic tail of Nrp-1 and Nrp-2 are largely divergent, which raises major 
questions on whether they may interct with different adaptors or signal transducers. 
 
1.3.2 Nrps Function in Semaphorin dependent axon guidance and VEGF 
dependent angiogenesis 
Nrps were originally identified as co-receptor for class 3 semaphorins, a family of molecules 
that provide repulsive or attractive signals for neurons [47-48]. In particular, it has been 
showed Nrps involvement in neural crest migration and axon growth during the development 
of the nervous system by forming a complex with type-A plexin, a signal-transducing 
transmembrane receptor for class 3 semaphorins (53) (54). Subsequently, Nrps were 
identified as receptors for VEGF. NRP-1 is expressed in endothelial cells, where it interacts 
with several members of VEGF family and some of their tyrosine kinase receptors, 
enhancing the signalling and promoting angiogenesis. In particular, Nrp-1 signaling is 
critical for VEGF-A/VEGFR-2-mediated angiogenesis (55) and Nrp-2 signaling is important 
for VEGF-C/VEGFR-2/R-3-mediated lymphangiogenesis (56) (57). Nrp-2 is highly 
expressed in lymphatic tip cell filopodia and selectively modulates VEGF-C/VEGFR-3-
mediated tip cell extension (58) (59). Although the signaling pathways for Nrp-1 and Nrp-2 
are largely distinct, they are able to partially compensate for each other in certain biological 
contexts, and the double knock-out mice of NRPs genes (NRP-1−/− NRP2−/−)  has a more 
severe phenotype than the single knock-out mice (NRP-1−/− or NRP2−/−), with impairing 
any blood vessel development and causing earliest death in utero at E8.5 (60). Nrps present 
differences in their expression patterns, ligands specificities and signalling pathways. 
In this study we focalize our attention on Nrp-1. 
 
1.3.3 Neuropilin-1 
In addition to its established function as cell surface coreceptor for Plexins and VEGF 
receptors, Nrp-1 has been found to interact with many other transmembrane receptor 
molecules (such as EGFR, MET, IGF1-R, PDGF-R tyrosine kinases, TGFβ receptors, 
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integrins, etc.) and elicits a range of intracellular signalling cascades. Consequently, Nrp-1 
is implicated in the mediation of several cellular processes, such as proliferation, survival, 
invasion and migration. Nrp-1, as a primary function, promotes pathway activation by 
recruiting ligands to the cell surface through high-affinity interactions. Ligand binding is 
followed by the assembly of active signalling complex, where Nrp-1 functions in promoting 
and stabilizing the complexes (61). The assembly of the active signalling complex requires 
both receptor recruitment and binding, followed by associated conformational changes, 
which provide the physical mechanism required for signal transduction. Moreover, upon the 
assembly of the active signaling complex, Nrp-1 has been demonstrated to have a critical 
function in receptor trafficking. Intriguingly, it was shown that Sema3 and VEGF induce 
Nrp-1 endocytosis via distinct pathways (62). Furthermore, Nrp-1 promotes the partitioning 
of VEGFR into vesicles that are recycled back to the cell surface, whereas in the absence of 
Nrp-1, VEGFR2 is targeted for degradation instead of recycling (63). The intracellular 
GIPC-binding domain of Nrp-1 was demonstrated to be essential for the observed VEGFR 
recycling, suggesting the involvement of a Nrp-1 associated cytoplasmic protein. While a 
growing body of evidence supports the relevance of Nrp-1 in tumor growth and malignant 
progression, the implicated molecular mechanism are still to be explored. 
 
1.3.4 Nrp1 expression in human tumors and other tissues 
Nrp-1 is widely expressed in a variety of cancer cell lines and human tumors, while usually 
low or absent in the adjacent non-malignant counterpart. Clinicopathological data often 
indicate a correlation between increased expression of Nrp-1 and advanced stage tumors 
with poor prognosis. For instance, high Nrp-1 expression levels correlate with poor clinical 
outcome in patients with non small cell lung cancer, melanomas, pancreatic carcinoma and 
oral squamous cell carcinoma (64) (65) (66) (67). Moreover, it has been reported also the 
correlation of Nrp-1 expression with invasive behaviour and metastatic potential in gastric 
cancer, glioma, prostate carcinoma and melanoma (68) (69). In addition, Nrp-1 expression 
occurs also in the tumor microenvironment, such as in endothelial cells of tumor vessels, as 
well as in tumor-associated macrophages (TAM), and regulatory T lymphocytes (Treg) (70). 
In these cell types, Nrp-1 was also reported to support tumor development, and its cell-
specific genetic depletion in mice led to reduced tumor vasculature and tumor growth, 
defective TAM recruitment and increased anti-tumor immune response (71) (72). The 
mechanism driving Nrp1 overexpression in tumors is still poorly understood but it supports 
the relevance of the molecule in malignant progression. 
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1.3.5 Nrp-1 and EGFR 
EGFR pathway is frequently activated in human tumors and pivotally implicated in 
sustaining cell proliferation. This may be associated with receptor gene amplification and 
overexpression or ligand overexpression and autocrine signaling in cancer cells. Constitutive 
EGFR activation sustained by autocrine TGF-a signaling was strikingly dependent on Nrp1 
expression in cancer cells. It has been showed that Nrp-1 play the role of EGFR co-receptor. 
Nrp-1 can physically interact with EGFR on the cell surface and this association is induced 
by EGFR ligands, EGF and TGF-a (73).  Subsequently the ligand stimulation, there is the 
formation of receptor clusters, dependent on Nrp-1 expression. EGFR oligomerization and 
clustering is followed by internalization and signalling in endosomal compartments, 
especially relevant for enhancing Akt activity (Figure 8A). It is well known that receptor 
endocytosis is a major regulatory mechanism controlling receptor signaling in space and 
time. This is particularly important for EGFR, because the signaling cascade elicited by 
receptor activation is not limited to the plasma membrane, and crucially continues during 
receptor trafficking through endosomal compartments, especially for mediating AKT 
activation. Ligand-induced EGFR internalization into endocytic vescicles is impaired in the 
absence of Nrp-1 and strikingly attenuates Akt phosphorylation (Figure 8 B) (73). Upon 
Nrp-1 depletion, EGFR signaling is significantly affected in cancer cells with the impairment 
of viability and proliferation in a variety of cancer cell models (Figure 8C) (73). 
 
 
 
 
Figure 8. A) Nrp-1 regulation of ligand-induced EGFR clustering on the cell surface. B) 
Ligand-induced EGFR internalization is dependent on Nrp1. C) Nrp-1 regulation of ligand-
induced EGFR signaling. Rizzolio et al. 2012. 
A 
C 
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-AIM OF THE STUDY- 
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2. Aim of the study 
 
In recent decades, despite therapeutic advances in the HNSCC treatment, patient survival 
has not markedly improved and the mortality still is around 40-50 %. The limited 
informations available on the biology of HNSCC claim an urgent search for novel 
biomarkers in order to design new therapeutic strategies. Nrp-1 results an interesting 
candidate to explore in HNSCC, on account of its role as co-receptor of EGF receptor. 
To address this issue, we adopted two different models.  
First, we took advantage of a study population of HNSCC tissue specimens, collected from 
2000 to 2017, at the Pathology Section of the University of Naples “Federico II” to 
investigate whether: 
1) The IHC Nrp-1 expression correlated with the clinicopathological features of the 
patients and with prognosis; 
Then, by using in vitro HNSCC cell models, in which we have achieved stable Nrp-1 
depletion, we explored whether: 
2) The Nrp-1 depletion could impact the sensitivity to cisplatin drug; 
3) The Nrp-1 depletion could modulate the cisplatin-induced EGFR activation. 
Overall, the sum of these investigations let us hypothesize a new targeted therapeutic 
approach for the HNSCC treatment. 
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3. Materials and methods 
 
3.1 Cell culture and culture conditions 
The HN, CAL27, CAL33, HN6 and HN13 cell lines were provided by Angela Celetti of the 
Institute of Experimental endocrinology and oncology-C.N.R. of Naples. They were grown 
in Dulbecco's Modified Eagle Medium (DMEM), supplemented with 10% fetal bovine 
serum (Sigma-Aldrich, UK), 1% of 200mM L-glutamine (Autogen Bioclear, UK), 1% of 
10,000 units Penicillin –10mg/ml Streptomycin (Sigma-Aldrich, UK) and incubated at 37 
°C in 5% CO2. 
 
3.2 Drugs 
Cis-Diammineplatinum(II) dichloride (cisplatin) (C2210000) was purchased from Sigma-
Aldrich S.r.l. and Saracatinib (AZD0530) from Selleckchem. 
 
3.3 Cell viability 
For in vitro viability assays, cells were seeded (1000 cells/well, three technical replicates) 
and after 24 h treated with different cisplatin doses (2,5; 5; 10; 20 µM ) or vehicle 
(Phosphate-buffered saline, PBS) for 72 h. After the end of treatment, cell medium was 
discarded, the CellTiter-Glo reagent (Promega Inc, Madison, WI, USA) was added and the 
plate was incubated for 10 min at room temperature. Luminescence was measured in a 
Multilabel Reader (PerkinElmer, Waltham, MT, USA).  
 
3.4 Gene silencing 
To achieve stable knockdown NRP1 expression was silenced in tumor cells by transducing 
cells with shRNA-expressing lentiviral constructs. NRP1-targeting sequence 
(GAGAGGUCCUGAAUGUUCC) was inserted in the lentiviral transfer plasmid 
pCCLsin.PPT.hPGK.GFP.Wpre in the frame of a sequence driving the transcription of a 
short-hairpin RNA under control of the H1 promoter. Control shRNA (shC) was generated 
by introducing 4 base substitutions in the NRP1 targeting sequence 
(GATAGGTCATGACTGCCC). We silenced NRP1 expression by means of a puromycin 
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selectable lentiviral construct TRCN0000323055, provided by Sigma-Aldrich; plkO vector 
was used as control. 
 
3.5 Western blot analysis 
Whole-protein extracts were prepared using LB buffer (½ vol. H2O, ¼ vol. Tris HCl pH 6.8, 
¼ vol. sodium dodecyl sulphate 10%) and quantified using the BCA Protein Assay kit 
(Pierce, Rockford, lL, USA). Primary antibodies: anti-Nrp1 (ab81321) and antibody against 
phosphorylated EGFR (Tyr1068) (ab5644) was from Abcam (Cambridge, UK); anti-EGFR 
(1005:sc-03), phosphorylated ERK (Thr202/Tyr204), phosphorylated AKT (Ser473) (Clone 
D9E), total AKT, and ERK were from Cell Signaling and antibodies against Vinculin (1931)  
from Sigma. Secondary antibodies were from Amersham. Detection was performed with 
ECL system (Amersham, UK). 
 
3.6 RNA isolation and real-time PCR 
Total RNA from tumor cell lines or tissues was isolated with the RNeasy Mini Kit (Qiagen) 
according to the manufacturer’s instructions. cDNA preparation was done according to 
standard procedures, using M-MLV Reverse Transcriptase (Promega) and oligo-dT primers 
(Promega). Gene expression was measured using the following Taqman gene-specific 
probes from Thermo Fisher Scientific: NRP1 (Hs00826128_m1), EGFR (Hs00193306_m1), 
and the housekeepers GAPDH (Hs04420632_g1) and β-actin (Hs99999903_m1). 
 
3.7 Patients and tumor samples 
Head and neck tumors and matched normal samples were obtained from patients undergoing 
surgery at the Department of Oral e Maxillofacial Surgery of the University of Naples 
“Federico II”. Tissue samples were collected, handled and diagnosed at the Pathology 
section of the same University. Clinical and pathologic data were entered and maintained in 
our database. The study design and procedures involving tissue samples collection and 
handling were performed according to the Declaration of Helsinki, in agreement with the 
current Italian law and to the Institutional Ethical Committee guidelines.  
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3.8 Tissue Micro Array (TMA) 
The tissue microarrays were carried out by the assembly of tissutal cores (1-3 mm), selected 
from every sample and built in recipient paraffin blocks. The TMAs were set up selecting 
two cores for each malignant tissue sample and one taken from the adjacent normal 
counterpart, where available. Hematoxylin and eosin (H&E) staining, used also for diagnosis 
confirmation, revealed the HNSCC architecture. TMA sections (5 μm thick) were stained by 
immunohistochemistry (IHC) for human NRP1. 
 
3.9 Immunohistochemistry 
Tumors were fixed in formalin for 16 h and then paraffin embedded. Sections were cut (5 
μm) and immunohistochemical analysis was carried out. Briefly, sections were 
deparaffinized and hydrated. Antigen retrieval was performed using microwave (750 W), 
carrying out 3 cycle of 3 minutes in Cytrate buffer solution. Endogenous alkaline 
phosphatase was quenched using Levamisole. Primary antibody included Nrp-1 antibody 
from Abcam (Cambridge, UK). Diluted antibody was applied to the sections overnight and 
then detected using anti-rabbit reagent coniugated with AP Substrate (Thermo Fisher). 
Tissues were counterstained with hematoxylin, dehydrated, cleared, and coverslipped. 
Staining for Nrp-1 was ranked according to the intensity of staining (0= negative, 1=weak, 
2=moderate, 3=strong). 
 
3.10 Statistical analysis 
Correlation between Nrp-1 immunohistochemically expression and HNSCC 
clinicopathological characteristics was asses through contingence analysis with Fisher exact 
test. Statistical analysis has been performed using SPSS software (IBM Corp. Released 2013. 
IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.). 
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4. Results 
4.1 Study population 
The HNSCC study population comprises 217 HNSCC human samples that have been 
collected from the 2000 to the 2017 at the Pathology section of Department of Advanced 
Biomedical Sciences, University of Naples “Federico II”. The HNSCC cohort of patients is 
composed by 119 male (54,8%) and 99 female (45,2%), with an age range of 29-90 years 
and an average age of 63,17 years. The clinicopathological features, comprising sex, age, 
anatomic site, grading, stage, TNM and follow-up, were obtained by clinical history of the 
patients. Tumours were staged according to tumour-node-metastasis (TNM) classification 
(74).  
 
4.2 Nrp1 expression is an independent prognostic marker for HNSCC patients 
Upon the assembly of the TMAs, including the whole study cohorts of HNSCC patients, we 
carried out Nrp-1 staining, by immunohistochemistry. Two pathologists double-blinded 
scored Nrp-1 expression determining an immunoreactivity score (Figure 9), as described in 
“Material and methods” section, and also identifying two type of signals, in the cytosol 
(Figure 10 A) and in the membrane (Figure 10 B).  
 
Figure 9. Representative pictures of IHC Nrp-1 expression in HNSCC specimens with the 
intensity score: 0= negative; 1= weak; 2= moderate; 3= strong. 
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Figure 10. Representative images Nrp-1 staining localization (A. cytoplasmic, B. 
membranous) by IHC in HNSCC specimens.  
 
On the basis of technical issues and of the clinicopathological features of the specimens, we 
were able to perform the analysis on N=116 non malignant tissue and on N=170 HNSCC 
malignant tissue samples. To perform data analysis, we divided the study population in two 
groups: a Nrp-1 low expression group, with score ‘0-1’and a high Nrp-1 expression group, 
with score ‘2-3’. In the non-malignant tissues, we observed a low Nrp-1 expression in 
105/116 (90,5 %) of samples and a high Nrp1 expression in 11/116 (9,5 %) tissue samples. 
In the HNSCC samples, while we observed a low Nrp-1 expression levels in 157/170 
(72,3%), we detected a high Nrp1 expression level in 36/170 (27,7%) cases. In order to 
perform the statistical analysis, we decided to take into considerations all the samples from 
study population with the follow up above 12 months. Considering the heterogeneity of the 
clinicopathological features of our HNSCC study population, we also divided the samples 
of the study population on the basis of the anatomic site, in oropharynx (OP) and in not 
oropharynx (NOP). Moreover, to better carry out the risk stratification, we clustered the 
samples of the study population according to the patients’ age in three groups: patients with 
age under 40 years old, patients with a range in between of 41-59 years and patients over 60 
years old. We performed the Kaplan Meier analysis considering both the cytoplasmic and of 
the membrane Nrp-1 positivity expression, in the three subgroups. Interestingly high Nrp-1 
cytoplasmic expression significantly correlated with a shorter overall survival rate in the 
subgroup of NOP tumor patients, over 60 years old (p= 0,006) (Figure 11).  
 
A
A 
B 
x 100 
x 400 
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Figure 11. Overall survival analysis according to Nrp-1 cytoplasmic expression in not 
oropharynx HNSCC patients. 
 
On the other hand, membranous Nrp-1 expression did not show any correlation with 
prognosis in the same subgroup of NOP patients (p=0.921) (Figure 12). 
 
 
Figure 11. Overall survival analysis according to Nrp-1 membranous expression in not 
oropharynx HNSCC patients. 
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We performed the Kaplan Meier analysis taking into considerations all the 
clinicopathological features of this subgroup of patients. Besides Nrp-1, also the stage 
resulted to be of prognostic value in this group of clinical samples. Conversely, in OP tumors 
the stage and Nrp1 did not show any correlation with patient prognosis (p= 0,120), therefore 
we decided to follow on our analysis in this subgroup of study population samples as 
represented in the Venn diagram below. 
 
 
Figure 12. Venn diagram representing the features of the sorted study population (F-UP= 
Follow-up). 
 
The sorting of the samples generated a novel study population composed by 78 patients, with 
an average age of 72,88 years and an age range of 60-90 years. In this group, we analysed 
the frequency distribution according to the tumor stage (Figure 13) and to the Nrp-1 
localization (cytoplasmic and of membrane) (Figure 14). 
 
 
Figure 13. Stage frequency distribution in the HNSCC subpopulation. 
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Figure 14. Frequency distribution of Nrp-1 cytoplasmic and membranous expression. 
 
4.3 Nrp-1 expression level and localization allow risk stratification in a subgroup of 
HNSCC patients 
Next, we performed a multivariate Cox regression analysis to understand whether Nrp-1 
levels and the stage of disease could determine a stratification risk. Among the stage, only 
the tumors at the stage IV presented an Exp (B) value over 1. Noteworthy, we observed that 
the expression levels and cytoplasmic localization of Nrp-1 presented an Exp (B) value 
[1,455] (p=0,031) higher than the Exp (B) [1,081] (p= 0.917) of the stage, indicating, 
compared to the stage, Nrp-1 as a better prognostic factor for this subgroup of patients, 
characterized by NOP tumors in over 60 years old patients. By the schematic representation 
(Figure 15), it is possible to appreciate the model of regression analysis by cytoplasmic Nrp-
1 expression. Taken together these data showed that Nrp-1 overexpression contributed to a 
shorter overall survival in a not oropharynx HNSCC subgroup of patients, with an age over 
60 years old. In this study cohort, Nrp-1 expression and stage were independent prognostic 
factors for HNSCC patients, but Nrp-1 expression resulted to be a better prognostic marker 
than the stage. 
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Figure 15. Regression analysis by cytoplasmic Nrp-1 expression. 
 
4.4 Nrp-1, Nrp-2 and EGFR expression levels in HNSCC cell lines 
Next, we moved in in vitro experimental models. We assessed in a panel of HNSCC cell 
lines (HN, HN6, HN13, CAL27, CAL33) the expression levels of Nrp-1, Nrp-2 and of 
EGFR, by Western Blot analysis (Figure 16). Nrp-1 resulted expressed in all the analysed 
cells. Nrp-2 was highly expressed in HN, while was detectable at low levels in CAL27 and 
CAL33 and resulted nearly absent in HN6 and HN13 cells. The levels of Nrp-2 resulted 
inversely correlated with Nrp-1 expression levels. To note, in HN6 and HN13 cells we 
confirmed high expression of EGFR, as already reported (75).  
 
Figure 16. In the five indicated head and neck cancer cell lines, Nrp-1, Nrp-2 and EGFR 
relative expression levels are detected at Western Blot analysis. 
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In order to assess the Nrp-1 impact on cisplatin sensitivity we established the cellular models, 
by performing Nrp-1 knockdown in all the cell lines, as described in ‘Material and methods’ 
section.  Nrp-1 silencing resulted detrimental in HN and CAL27 that did not survive upon 
silencing, suggesting that cell viability was dependent on Nrp-1 expression. Conversely, we 
obtained stable Nrp-1 knockdown in CAL33, HN6 and HN13. The wild type or mutant 
EGFR status of the analysed cells is shown in the Table 1. 
 
 
Cell lines EGFR mutational status References 
CAL33 wild type (76) 
HN6 amplificated (75) 
HN13 mutated (p.H773Y) 
and amplificated 
(77) 
 
Table 1. EGFR mutational status of the three HNSCC cell lines (CAL33, HN6, HN13). 
 
Nrp-1 silencing efficiency and the EGFR expression levels were determined by Western blot 
(Figure 17) and Realtime-PCR (data not shown). Intriguingly, we noted that Nrp-1 silencing 
decreased EGFR expression in the HN6, which was downregulated through a negative 
regulation at transcriptional level (Figure 18). 
 
 
 
 
Figure 17. Nrp-1 and EGFR protein expression levels assessed in the HNSCC cells upon 
Nrp-1 silencing, by Western Blot analysis. 
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Figure 18. Nrp-1 and EGFR mRNA expression level (n-fold) in the HN6 shNrp-1 cells 
compared to HN6 pLKO, by Realtime-PCR. 
 
 
 4.5 Nrp-1 affects responsiveness to CDDP treatment 
 
Next, we treated the Nrp-1 silenced HNSCC cells, compared to controls, with different 
CCDP doses (0; 2,5; 5; 10; 20 µM ) for 72 hours and assessed the cells  viability. Nrp-1 
silencing determined an enhanced sensitivity to cisplatin in HN6 cells [shNrp1 IC50= 2,5 
μM vs. plkO IC50 = 5,5 μM vs] and in CAL33 cells [shNrp1 IC50= 5 μM vs. p.LKO IC50 
=12 μM ] (Figure 19). However in  HN13 cells, we did not appreciate a significant difference 
in the IC50 between the shNrp1 vs plkO cells, suggesting that Nrp-1 might have a major 
impact on CDDP sensitivity in the EGFR wild type (CAL33) and EGFR amplificated cells 
(HN6).  
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Figure 19. Cell viability of the Nrp-1 silenced HNSCC cells compared to the control, upon 
cisplatin treatment. Three independent experiments were performed to calculate the mean 
and standard deviation. The 50 % inhibitory concentration (IC50) was calculated for all the 
cell lines.  
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4.6 Nrp-1 sustains EGFR activation upon CDDP treatment 
EGFR phosphorylation, besides of occurring in ligand dependent manner, may also take 
place in response to various chemotherapeutic drugs (CDDP, oxaliplatin, 5-fluorouracil, 
gemcitabine, doxorubicin). The mechanism by which chemotherapy-induced EGFR 
phosphorylation (p-EGFR) occurs is unknown but it may represent a cell-survival 
mechanism in response to cytotoxic stress. In order to determine whether Nrp-1 may be 
responsible of  CDDP-induced EGFR activation, we performed a time course experiment, 
assessing EGFR tyrosine phosphorylation (Y1068) at 1, 4, 6 and 8 hours following CDDP 
treatment (50 µM) (Figure 9). A time-dependent EGFR phosphorylation was observed and 
the kinetics of receptor activation resulted to be different in the three cellular system, as 
shown in the Figure 20. In the HN6 Plko, the highest increase in the level of EGFR 
phosphorylation was achieved after 6 hours of CDDP treatment, with a consequent activation 
of the downstream effectors, AKT and MAPK. However, we appreciated a significant 
impairment of CDDP induced EGFR activation in the HN6 shNrp1 compared to HN6 plkO, 
even though the basal level of EGFR phosphorylation resulted equivalent in the two cell 
lines. No differences in EGFR, AKT and MAPK activation between the plkO and shNrp1 
were observed in HN13 cells at all time points following CDDP treatment. On the contrary, 
in the CAL33 cells we detected a barely activation of EGFR at Western Blot analysis, and 
an impairment of AKT and MAPK activation. On the basis of these observations, we 
hypothesized a role for Nrp-1 in sustaining the CDDP induced cell-survival response also in 
the CAL33 cells.  
 
Figure 20. Time course of EGFR, AKT and MAPK activation in HN6 shNrp-1 cells 
compared to HN6 plkO cells, upon cisplatin treatment at different time points, assessed by 
Western Blot assay.  
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Figure 21. Time course of EGFR, AKT and MAPK activation in HN13 shNrp-1 cells 
compared to HN13 plkO cells, upon cisplatin treatment at different time points, assessed by 
Western Blot assay. 
 
 
Figure 22. Time course of EGFR, AKT and MAPK activation in CAL33 shNrp-1 cells 
compared to CAL33 plkO cells, upon cisplatin treatment at different time points, assessed 
by Western Blot assay. 
 
    4.7 Effect of conditioned medium from CDDP treated NRP-1-expressing cells  
Since in the HN6 plkO, Nrp-1 expression resulted in CDDP-induced EGFR phosphorylation 
enhacement, we sought to determine whether this effect could be dependent on secreted 
factors able to elicit autocrine pathways. To test this hypothesis, conditioned medium (CM) 
from HN6 plkO cells was collected upon CDDP treatment, after 6 hours, the time point of 
the highest EGFR phosphorylation. Then, by adding the CM, we performed a time course in 
HN6 shNrp-1 cells. We also carried out a time course in the HN6 plkO and shNrp-1 without 
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adding the CM, as control. At the different time points, we did not appreciate any difference 
in the activation of EGFR, following the addition of conditioned medium in the HN6 cells 
depleted of Nrp-1 upon treatment with CDDP. On the other hand, as previously observed, 
the HN6 plkO presented higher levels of EGFR phosphorylation compared to the HN6 
shNrp-1, in both the condition (CDDP alone or in presence of CM). These findings suggested 
that the increase of EGFR phosphorylation observed in NRP-1-expressing cells was not 
elicited by the induction of autocrine factors production.  
 
 
Figure 23. Time course of CDDP-EGFR activation in HN6 shNrp-1 cells, compared to HN6 
shNrp-1 cells in presence of the CM produced by HN6 pLKO cells, upon cisplatin treatment, 
assessed by Western Blot assay. 
 
4.8 Nrp-1 togheter with Src modulates CDDP-induced EGFR activation 
The activation of EGFR in response to CDDP occurs in a Src-dependent manner (40). To 
examine whether the Src family kinases mediated the EGFR activation upon CDDP 
treatment in HN6 cells, we treated the cells with a Src family kinase inhibitor (Saracatinib) 
(4 µM), in combination with CDDP treatment. We observed that the Src inhibition impaired 
the CDDP-induced EGFR phosphorylation compared to the EGFR activation upon the 
CDDP treatment alone, in the HN6 plkO. This effect was absent in the Nrp-1 silenced cells, 
in which no EGFR phosphorylation was observed and the signaling cascade that activate 
AKT and MAPK was tuned off. These data showed that Nrp-1 might have a key role in 
association with Src kinase in modulating CDDP-induced EGFR activation in HNSCC cells. 
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Figure 24. Time course of EGFR, AKT and MAPK activation of HN6 shNrp-1 cells 
compared to HN6 plkO cells, upon cisplatin treatment, in presence and absence of 
Saracatinib, assessed by Western Blot analysis. 
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5. Discussion and conclusions 
Despite great advances in the cancer research, the biology and the outcome of head 
and neck cancer have not been substantially changed. Up to now, the prognosis for HNSCC 
patients still remains determined by the disease stage at presentation. Tumor size, the 
presence of lymph-node metastases, distant metastases, as well as persistent infection with 
high risk HPVs, determine the stage (13). With respect to the therapies, the standard of care 
for these patients consists in surgery, radiotherapy, chemotherapy and recently 
immunotherapy. Notwithstanding few improvements, the 5-year survival rate for HNSCC 
patients remains poor, with 40-50% of mortality (27). Although concurrent radio- and 
chemotherapy has produced important advances, in survival and organ preservation, their 
use is limited by toxicity. Moreover, the loss of specificity for cancer cells for radiation and 
chemotherapy results in the high toxicity of these therapeutic approaches. By targeting 
aberrant growth factor pathways, specific for malignant cells rather than all rapidly 
proliferating cells, molecularly targeted therapies could offer the potential to improve the 
outcome without increasing the toxicity. Then, the limited information available on the 
biology of HNSCC claim an urgent need to search for markers of prognostic value and 
molecular target for novel therapeutic strategies. EGFR is one the most studied candidate. It 
results overexpressed in about 90 % of HNSCC and the combination of its monoclonal 
antibody, cetuximab, with radio and chemotherapy represents the first targeted therapy 
approved by FDA and is the standard of care for patients with recurrent or metastatic 
HNSCC (31). 
Nrp-1, for its role of co-receptor of the EGF receptor, resulted an interesting 
candidate to investigate in HNSCC.  Nrp-1 is widely expressed in a variety of human tumors 
but it has not been explored before in HNSCC. By performing IHC staining for Nrp-1, on a 
tissue microarrays of 217 patient specimens we investigated whether the Nrp-1 expression 
level and intracellular localization correlated with the clinicopathological characteristics of 
the HNSCC patients analysed. We showed that high level of Nrp-1 expression significantly 
correlated with a shorter overall survival, in a subgroup of patients harbouring a not 
oropharynx tumor and are over 60 years old.  We noticed that, in this subgroup of HNSCC 
clinical samples, tumor stage and Nrp-1 expression correlated with a poor prognosis. Then, 
we performed a multivariate Cox regression analysis to identify the better risk predictor. 
Interestingly, Nrp-1 expression resulted predictive of poor prognosis more than the tumor 
stage. 
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Tumor cell proliferation and survival, angiogenesis and metastasis-formation and 
tumor immune escape are mechanisms in which Nrp-1 have a reported role (78). The 
capability to control multiple signaling pathways in different cellular type may contribute to 
the pleiotropic functions of Nrp-1, supporting the hypothesis that Nrp-1 might represent a 
suitable target for cancer therapies. However, the Nrp-1 role in the chemotherapy sensitivity 
has not been investigated before. In order to explore the Nrp-1 role in cisplatin sensitivity, 
we stably silenced Nrp-1 in a wide series of HNSCC cell lines. Nrp-1 depletion resulted 
detrimental in HN and CAL27 cells, suggesting a role for Nrp-1 in the cells survival, as 
already reported for lung cancer cells (73). We obtained stable Nrp-1 silencing in the CAL33, 
HN6 and HN13 cells, that carry EGFR wild type, amplificated, mutated and amplificated, 
respectively, as reported and shown in the table 1. Noteworthy, the HN6 and CAL33 cells, 
silenced for Nrp-1, resulted more sensitive to chemotherapy, compared to the respectively 
cells transduced with the control lentiviral vector.  
In tumors, treatment failure through the mechanisms of resistance is often associated 
with activation of side signaling pathways.  Indeed, CDDP-induced cytotoxic stress activates 
several signaling pathways, that affect cell growth and survival, cell cycle, DNA repair and 
drug transport (79). One of the pathway is represented by the EGFR pathway (40). 
Considering our data, we asked whether Nrp-1 could sustain the cisplatin induced EGFR 
activation. Nrp-1 is able to enhance the EGFR signaling upon ligand stimulation in several 
cellular models, as already described (73). Noteworthy, we observed that the Nrp-1 depletion 
severely impaired the cisplatin-induced EGFR phosphorylation, with also decreased 
activation of two EGFR downstream effectors, such as AKT and MAPK, known to sustain 
cellular proliferation and survival.  Differently from the common rapid and transient EGFR 
activation in response to stimulation with its physio-logical ligands, CDDP-mediated EGFR 
activation occurs several hours after initiation of treatment. The delayed EGFR activation, 
approximately 4 h after CDDP treatment is consistent with the chemotherapic drug 
mechanism of action, which works with the formation of DNA adduct. This observation let 
us to hypostasize that Nrp-1 participates in the control of EGFR activation with a mechanism 
different from the ligand-dependent, as previously described. Benharv et al. reported that 
CDDP activates EGFR in various cell type but not in head and neck (40). They propose that 
EGFR activation in response to genotoxic stress is a cell survival response, since inhibition 
of EGFR activation enhances CDDP-induced death. Mechanistically, the authors showed 
that CDDP induces EGFR phosphorylation in ligand independent manner and by the 
mediation of the Src kinase. To shed light on the way by which Nrp-1 contribute to CDDP-
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dependent EGFR activation we performed a conditioned medium experiment providing 
evidence that the EGFR phosphorylation observed in our cellular model is ligand-
independent. In this framework, we furthermore showed that Nrp-1 works as an additional 
player in the regulation of EGFR signaling, together with Src, since Nrp-1 silencing 
combined to the Src inhibitor, Saracatinib, turned off completely EGFR activation. Few 
clinical trials including Saracatinib in HNSCC are ongoing (80) (81). In a translational 
perspective, Saracatinib could be tested in combined therapeutic regimens with Nrp-1 
interfering molecules, such as nanobodies or small molecules interacting with the 
extracellular domain.  
In conclusion, these data suggested Nrp-1 as prognostic marker in a specific subgroup 
of HNSCC patients, over 60 years old and characterized by not oropharynx tumor. 
Furthermore, we provided observations of Nrp-1 contribution to cisplatin sensitivity in vitro. 
Additionally, we expanded the repertoire of signaling in which Nrp1 is involved, showing 
for the first time the Nrp-1 control of cisplatin-induced EGFR signalling. This observation 
opens to new investigations, in order to understand the functional impact of Nrp-1 control 
of EGFR pathway activated in response to chemotherapy and whether Nrp-1 could be a 
suitable target for HNSCC therapy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
44 
 
6. Bibliography 
1. Cancer statistics. Siegel RL, Miller KD, Jemal A. s.l. : CA Cancer J Clin , 2016. , Vols. 
66:7–30. 
2. Squamous cell carcinoma and precursor lesions of the oral cavity: epidemiology and 
aetiology. Johnson NW, Jayasekara P, Amarasinghe AA. Periodontol 2000 2011; 57: 19–
37. 
3. Age-related differences in guideline adherence for head and neck cancer. Hamaker ME, 
Smorenburg CH, Bun RJ, de Kuyper GT, van Munster BC, de Rooij SE, et al. s.l. : J Geriatr 
Oncol, 2012; 3: 329–336. 
4. Epidemiology of head and neck cancer. Rettig EM, D’Souza G. s.l. : Surg Oncol Clin N 
Am, 2015, Vols. 24: 379–396. 
5. Oral cancer survival in young people in South East England. . Warnakulasuriya S, Mak 
V, Moller H. s.l. : Oral Oncol, 2007; , Vols. 43: 982–986. 
6. Human papillomavirus and rising oropharyngeal cancer incidence in the United States. 
Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, Kim E, et al. s.l. : J Clin 
Oncol, 2011, Vols. 29: 4294–4301. 
7. HPV-associated head and neck cancer: a virus-related cancer epidemic . Marur S, D’Souza 
G, Westra WH, Forastiere AA. s.l. : Lancet Oncol, 2010; , Vols. 11: 781–789. 
8. http://globocan.iarc.fr.  
9. American cancer society head and neck cancer survivorship care guideline. . Cohen EE, 
LaMonte SJ, Erb NL, Beckman KL, Sadeghi N, Hutcheson KA, et al. s.l. : CA Cancer J Clin 
, 2016;, Vols. 66:203–39. 
10. HPV involvement in head and neck cancers: comprehensive assessment of biomarkers 
in 3680 patients. . . Castellsague, X. et al. s.l. : J. Natl. Cancer Inst. , 2016. 
11. Integrative and comparative genomic analysis of HPV-positive and HPV-negative head 
and neck squamous cell carcinomas. . Seiwert, T. Y. et al. s.l. : Clin. Cancer Res. , (2015)., 
Vols. 21, 632–641 . 
12. Human papillomavirus and survival of patients with oropharyngeal cancer. . Ang, K. K. 
et al. s.l. : N. Engl. J. Med., (2010)., Vols. 363, 24–35 . 
13. TNM Classification of Malignant Tumours 8th edn . Brierley, J. D. G., Gospodarowicz, 
M. K. & Wittekind, C. (Wiley-Blackwell, 2016). . 
14. Malignant transformation of oral leukoplakia in a well-defined cohort of 144 patients. 
Brouns, E. R. E. A. et al. s.l. : Oral Dis. , (2014)., Vols. 20, e19–e24 . 
15. Pooled estimate of world leukoplakia prevalence: a systematic review. Petti, S. s.l. : Oral 
Oncol., (2003)., Vols. 39,770–780 . 
16. Natural history of potentially malignant oral lesions and conditions: an overview of the 
literature. . Napier, S. S. & Speight, P. M. s.l. : J. Oral Pathol. Med. , (2008)., Vols. 37, 1–
10 . 
17. Potentially malignant disorders of the oral and oropharyngeal mucosa; terminology 
lassification and present concepts of management. . van der Waal, I. s.l. : Oral Oncol. , 
(2009)., Vols. 45, 317–323. 
18. Field cancerization in oral stratified squamous epithelium — clinical Implications of 
multicentric origin. Slaughter, D. P., Southwick, H. W. & Smejkal, W. s.l. : Cancer , 1953, 
Vols. 6, 963–968. 
45 
 
19. Persistence of genetically altered fields in head and neck cancer patients: Biological and 
clinical implications. Tabor, M. P. et al. s.l. : Clin. Cancer Res, (2001), Vols. 7, 1523–1532 
. 
20. Genetically altered fields as origin of locally recurrent head and neck cancer: a 
retrospective study. Tabor, M. P. et al. s.l. : Clin. Cancer Res. , (2004)., Vols. 10, 3607–
3613. 
21. Proteomic analysis reveals successive aberrations in protein expression from healthy 
mucosa to invasive head and neck cancer. . Roesch-Ely, M. et al. s.l. : Oncogene , (2007)., 
Vols. 26, 54–64 . 
22. Differential proteomics identifies protein biomarkers that predict local relapse of head 
and neck squamous cell carcinomas. . Schaaij-Visser, T. B. M. et al. s.l. : Clin. Cancer Res. 
, (2009)., Vols. 15, 7666–7675 . 
23. Persistence of genetically altered fields in head and neck cancer patients: Biological and 
clinical implications. . Tabor, M. P. et al. s.l. : Clin. Cancer Res. , (2001)., Vols. 7, 1523–
1532 . 
24. A genetic explanation of Slaughter’s concept of field cancerization: evidence and clinical 
implications. . Braakhuis, B. J. M., Tabor, M. P., Kummer, J. A., Leemans, C. R. & 
Brakenhoff, R. H. s.l. : Cancer Res. , (2003), Vols. 63, 1727–1730 . 
25. Loss of Heterozygosity (LOH) profiles-validated risk predictors for progression to oral 
cancer. . Zhang, L. W. et al. s.l. : Cancer Prev. Res., (2012)., Vols. 5, 1081–1089. 
26. Loss of heterozygosity at 9p and p53 immunopositivity in surgical margins predict local 
relapse in head and neck squamous cell carcinoma. . Graveland, A. P. et al. s.l. : Int. J. Cancer 
, (2011)., Vols. 128, 1852–1859. 
27. http://www.cancer.gov/cancertopics/types/head-and-neck., National Cancer Institute. 
Head and Neck Cancer. 2014.  
28. Postoperative irradiation with or without concomitant chemotherapy for locally 
advanced head and neck cancer. Bernier J, Domenge C, Ozsahin M, et al. s.l. : N Engl J Med 
, 2004;, Vols. 350:1945–1952. 
29. Postoperative concurrent radiotherapy and chemotherapy for high‐risk squamous cell 
carcinoma of the head and neck. . Cooper JS, Pajak TF, Forastiere AA, et al. s.l. : N Engl J 
Med , 2004;, Vols. 350:1937–1944. . 
30. Survival outcomes of patients with advanced oral cavity squamous cell carcinoma treated 
with multimodal therapy: A multi‐institutional analysis. . Zhang H, Dziegielewski PT, Biron 
VL, et al. s.l. : J Otolaryngol Head Neck Surg , 2013;, Vols. 19:30–42. 
31. Platinum-based chemotherapy plus cetuximab in head and neck cancer. . Vermorken JB, 
Mesia R, Rivera F, Remenar E, Kawecki A, Rottey S, et al. s.l. : N Engl J Med. , 2008;, 
Vols. 359(11):1116–27. 
32. Safety and clinical activity of pembrolizumab for treatment of recurrent or metastatic 
squamous cell carcinoma of the head and neck (KEYNOTE-012): an open-label, 
multicentre, phase 1b trial. Seiwert TY, Burtness B, Mehra R, Weiss J, Berger R, Eder JP, 
et al. s.l. : Lancet Oncol. , 2016;, Vols. 17:956–965. 
33. Head and neck cancer. Argiris A, Karamouzis MV, Raben D, Ferris RL. s.l. : Lancet. , 
2008;, Vols. 371(9625):1695–709. 
46 
 
34. Cellular processing of platinum anticancer drugs. . Wang D, Lippard SJ. s.l. : Nat Rev 
Drug Discov 4: 307-320, 2005. 
35. The number of platinum atoms binding to DNA, RNA and protein molecules of HeLa 
cells treated with cisplatin at its mean lethal concentration. . Akaboshi M, Kawai K, Maki 
H, Akuta K, Ujeno Y, Miyahara T. s.l. : Jpn J Cancer Res, 1992, Vols. 83: 522-526. 
36. Platinum resistance: the role of DNA repair pathways. . . Martin LP, Hamilton TC, 
Schilder RJ. s.l. : Clin Cancer Res , (2008) , Vols. 14: 1291-1295. 
37. Tumour-inhibiting platinum complexes state of the art and future perspectives. . Jakupec 
MA, Galanski M, Keppler BK. s.l. : Rev Physiol Biochem Pharmacol 146: 1-54, 2003. 
38. Mechanisms of resistance to cisplatin. . Kartalou M, Essigmann JM. s.l. : Mutat Res, 
2001, Vols. 478: 23-43. 
39. Recognition of cisplatin adducts by cellular proteins. . . Kartalou M, Essigmann JM. s.l. : 
Mutat Res, 2001, Vols. 478: 1-21. 
40. Cisplatin-induced activation of the EGF receptor. Moran Benharv, David Engelberg and 
Alexander Levitzki. s.l. : Oncogene, 2002, Vols. 21, 8723 – 8731. 
41. The structure and functionof the epidermal growth factor receptor studied by using 
antisynthetic peptide antibodies. Gullick, W.J. et al. s.l. : Proc. R. Soc. Lond. B., 1985, Vols. 
127-134. 
42. Synergistic effects of gemcitabine and gefitinib in the treatment of head and neck 
carcinoma. . Chun, P. Y. et al. s.l. : Cancer Res. , (2006)., Vols. 66, 981–988 . 
43. Epidermal growth factor receptor activity determines response of colorectal cancer cells 
to gefitinib alone and in combination with chemotherapy. . Van Schaeybroeck, S. et al. s.l. : 
Clin. Cancer Res. , (2005)., Vols. 11, 7480–7489. 
44. ZD1839 modulates paclitaxel response in renal cancer by blocking paclitaxelinduced 
activation of the epidermal growth factor receptor-extracellular signal-regulated kinase 
pathway. . Sumitomo, M. et al. s.l. : Clin. Cancer Res. , 2004, Vols. 10, 794–801 . 
45. Doxorubicin induces EGF receptor-dependent downregulation of gap junctional 
intercellular communication in rat liver epithelial cells. . Abdelmohsen, K. et al. s.l. : Biol. 
Chem. , 2005, Vols. 386, 217–223 . 
46. The schedule-dependent enhanced cytotoxic activity of 7-ethyl-10-hydroxy-
camptothecin (SN-38) in combination with Gefitinib (Iressa, ZD1839). . Azzariti, A., Xu, J. 
M., Porcelli, L. & Paradiso, A. s.l. : Biochem. Pharmacol. , 2004, Vols. 68, 135–144 . 
47. Signal transduction by receptors with tyrosine kinase activity. . Ullrich, A. & 
Schlessinger, J. s.l. : Cell, 1990, Vols. 61, 203–212 . 
48. Epidermal growth factor receptor family and chemosensitization. Mendelsohn, J. & Fan, 
Z. s.l. : J. Natl Cancer Inst. , 1997, Vols. 89, 341–343. 
49. Specific cell surface labels in the visual centers of Xenopus laevis tadpole identified 
using monoclonal antibodies. Takagi, S., et al. s.l. : Dev. Biol. , 1987, Vols. 122, 90-100. 
50. Neuropilin-2, a novel member of the neuropilin family, is a high affinity receptor for the 
semaphorins Sema E and Sema IV but not Sema III. . Chen, H., et al. s.l. : Neuron , 1997, 
Vols. 19, 547-559. 
51. Genomic organization of human neuropilin-1 and neuropilin-2 genes: Identification and 
distribution of splice variants and soluble isoforms. . Rossignol, M., Gagnon, M.L. and 
Klagsbrun, M. s.l. : Genomics , 2000, Vols. 70, 211-222. 
47 
 
52. Characterization of neuropilin-1 structural features that confer binding to semaphorin 3A 
and vascular endothelial growth factor 165. . Gu C, Limberg BJ, Whitaker GB, Perman B, 
Leahy DJ, Rosenbaum JS, Ginty DD, Kolodkin AL. s.l. : J Biol Chem, 2002, Vols. 
277(20):18069–1. 
53. Neuropilins a semaphorinIII receptor. . KolodkinA, LevengoodD, RoweE, TaiYT, 
GigerR, GintyD. s.l. : Cell , 1997, Vols. 90:753–62. . 
54. Role of class3 semaphorins and the receptors in tumor growth and angiogenesis. . Gaur 
P, Bielenberg DR, Samuel S, Bose D, Zhou Y, Gray MJ ,et al. s.l. : ClinCancerRes , 2009, 
Vols. 15:6763–70. . 
55. Neuropilin-1 is expressed by endothelial and tumor cells as an isoform-specific receptor 
for vascular endothelial growth factor. . Soker, S., Takashima, S., Miao, H. Q., Neufeld, G., 
and Klagsbrun, M. s.l. : Cell , 1998, Vols. 92, 735–745. 
56. Abnormal lymphatic vessel development in neuropilin 2 mutant mice. . Yuan, L., 
Moyon, D., Pardanaud, L., Bréant, C., Karkkainen, M. J., Alitalo, K., and Eichmann, A. s.l. : 
Development , 2002, Vols. 129, 4797–4806. 
57. Functional interaction of VEGF-C and VEGF-D with neuropilin receptors. . Kärpänen, 
T., Heckman, C. A., Keskitalo, S., Jeltsch, M., Ollila, H., Neufeld, G., Tamagnone, L., and 
Alitalo, K. s.l. : FASEB , 2006, Vols. J. 20, 1462–1472. 
58. Blocking neuropilin-2 function inhibits tumor cell metastasis. Caunt, M., Mak, J., Liang, 
W. C., Stawicki, S., Pan, Q., Tong, R. K., Kowalski, J., Ho, C., Reslan, H. B., Ross, J., Berry, 
L., Kasman, I., Zlot, C., Cheng, Z., Le Couter, J., Filvaroff, E. H., Plowman, G., Peale, F., 
French, D., Carano, R., Koch, A. W. s.l. : Cancer Cell, 2008, Vols. 13, 331–342. 
59. Neuropilin-2 mediates VEGF-C-induced lymphatic sprouting together with VEGFR3. . 
Xu, Y., Yuan, L., Mak, J., Pardanaud, L., Caunt, M., Kasman, I., Larrivée, B., Del Toro, R., 
Suchting, S., Medvinsky, A., Silva, J., Yang, J., Thomas, J. L., Koch, A. W., Alitalo, K., 
Eichmann, A., and Bagri, A. s.l. : J. Cell Biol. , 2010, Vols. 188, 115–130. 
60. Targeting of both mouse neuropilin-1 and neuropilin-2 gene severely impairs 
developmental yolk sac and embryonic angiogenesis. . Takashima, S., Kitakaze, M., 
Asakura, M., Asanuma, H., Sanada, S., Tashiro, F., Niwa, H., Miyazaki Ji, J., Hirota, S., 
Kitamura, Y., Kitsukawa, T., Fujisawa, H., Klagsbrun, M., and Hori, M. s.l. : Proc. Natl. 
Acad. Sci. U.S.A., 2002, Vols. 99, 3657–3662. 
61. Plexin-neuropilin-1 complexes form functional semaphorin-3A receptors. . Takahashi T, 
Fournier A, Nakamura F, Wang LH, Murakami Y, Kalb RG, Fujisawa H, Strittmatter. s.l. : 
Cell. , 1999, Vols. 99:59–69. . 
62. Vascular endothelial growth factor and semaphorin induce neuropilin-1 endocytosis via 
separate pathways. . Salikhova A, Wang L, Lanahan AA, Liu M, Simons M, Leenders WP, 
Mukhopadhyay D, Horowitz A. s.l. : Circ Res. , 2008, Vols. 103:e71–e79. 
63. Neuropilin-1 promotes VEGFR-2 trafficking through Rab11 vesicles thereby specifying 
signal output. Ballmer-Hofer K, Andersson AE, Ratcliffe LE, Berger P. s.l. : Blood, 2011, 
Vols. 118:816–826. 
64. Neuropilin.1 and Neuropilin-2 coexpression is significantly correlated with increased 
vascularity and poor prognosis in nonsmall cell lung carcinoma. al., Kawakami T. et. s.l. : 
Cancer, 2002, Vols. 95:2196-2201. 
48 
 
65. Increased expression of Neuropilin-1 in melanoma progression and its prognostic 
significance in patients with melanoma. al., Lu J. et. s.l. : Mol Med Rep, 2015. 
66. High neuropilin 1 expression was associated with angiogenesis and poor overall survival 
in resected pancreatic ductal adenocarcinoma. al., Ben Q. et. s.l. : Pancreas, 2014, Vols. 
43(5):744-9. 
67. Neuropilin-1 Promotes Epithelial-to-Mesenchymal Transition by Stimulating Nuclear 
Factor-Kappa B and Is Associated with Poor Prognosis in Human Oral Squamous Cell 
Carcinoma. W., Chu. s.l. : PLOSONE, 2014. 
68. Expression of neuropilin-1 in high-grade dysplasia, invasive cancer, and metastases of 
the human gastrointestinal tract. al., Hansel DE et. s.l. : Am J Surg Pathol. , 2004 , Vols. 
28(3):347-56. 
69. Neuropilin-1 promotes human glioma progression through potentiating the activity of 
the HGF/SF autocrine pathway. al., Hu B. et. s.l. : Oncogene, 2007, Vols. 26(38): 5577–
5586. 
70. Neuropilins are multifunctional coreceptors involved in tumor initiation, growth, 
metastasis and immunity. Prud’homme GJ, Glinka Y. s.l. : Oncotarget, 2012;, Vols. 
3(9):921–939. 
71. Impeding macrophage entry into hypoxic tumor areas by Sema3A/Nrp1 signaling 
blockade inhibits angiogenesis and restores antitumor immunity. . Casazza A, et al. s.l. : 
Cancer Cell, 2013, Vols. 24(6):695–709. 
72. Interferon-γ drives Treg fragility to promote anti-tumor immunity. Overacre-Delgoffe 
AE, et al. s.l. : Cell, 2017, Vols. 169(6):1130–1141.e11. 
73. Neuropilin-1–Dependent Regulation of EGF-Receptor Signaling. . al., Rizzolio et. s.l. : 
Cancer Res; , 2012, Vols. 72(22); 5801–11. 
74. Major Changes in Head and Neck Staging for 2018. al., Lydiatt et. s.l. : American Society 
of Clinical Oncology Educational ., 2018, Vols. Book. 505-514. 
75. The head and neck cancer cell oncogenome: a platform for the development of precision 
mooncogenome: a platform for the development of precision molecular therapies. . Daniel 
Martin, Martin C. Abba, Alfredo A. Molinolo, Lynn Vitale-Cross, Zhiyong Wang, Moraima 
Zaida, Naomi C. Delic, Yardena Samuels, J. Guy Lyons, J. Silvio Gutkind. l. s.l. : 
Oncotarget, 2014, Vols. 15;5(19):8906-23. 
76. Cellular and tumor radiosensitivity is correlated to to epidermal growth factor receptor 
protein expression level in tumors without EGFR amplification. Kasten-Pisula U, Saker J, 
Eicheler W, Krause M, Yaromina A, Meyer-Staeckling S, Scherkl B, Kriegs M, Brandt B, 
Grénman R, Petersen C, Baumann M, Dikomey E. s.l. : Int J Radiat Oncol Biol Phys., 2011 
, Vols. 15;80(4):1181-8. 
77. AKT can modulate the in vitro response of HNSCC cells to irreversible EGFR inhibitors. 
Silva-Oliveira RJ, Melendez M, Martinho O, Zanon MF, de Souza Viana L, Carvalho AL, 
Reis RM. AKT can modulate the in vitro response of HNSCC cells to irreversible EGFR 
inhibitors. s.l. : Oncotarget, 2017, Vols. 8(32):53288-53301. 
78. Neuropilins are multifunctional coreceptors involved in tumor initiation, growth, 
metastasis and immunity. al., Gerald J et. s.l. : Oncotarget, 2012. 
79. Integration of EGFR inhibitors with radiochemotherapy. al., Nyati MK et. s.l. : Nature, 
2006. 
49 
 
80. Current treatment options for recurrent/metastatic head and neck cancer: a post-ASCO 
2011 update and review of last year's literature. al., Kurzweg T et. s.l. : Eur Arch 
Otorhinolaryngol, 2012. 
81. Phase II study of saracatinib (AZD0530) for patients with recurrent or metastatic head 
and neck squamous cell carcinoma (HNSCC). al., Fury MG et. s.l. : Anticancer Res, 2011. 
82. ZD1839 modulates paclitaxel response in renal cancer by blocking paclitaxelinduced 
activation of the epidermal growth factor receptor-extracellular signal-regulated kinase 
pathway. Sumitomo, M. et al. s.l. : Clin. Cancer Res. , 2004, Vols. 10, 794–801 . 
 
  
 
